The presence of microplastics (MP) in water environments is considered a global threat, with different adverse effects on ingesting organisms: physical damage due to the plastic particles themselves, leaching of some constituent monomers, the potential transport of organic and inorganic pollutants, and leaching of additives used in the manufacture and polymerisation of plastic products. In the last case, especially when additives are not chemically bound to the polymer structure, they may leach out into the aquatic environment. This paper deals with the role of wastewater treatment plants (WWTP) as sources of microplastics to the environment, and the efficiency of different advanced technologies used for wastewater treatment aiming towards a zero pollution discharge. The monitoring study was carried out during 2018, including three different wastewater treatments, i.e. activated sludge process with extended aeration (ASP), rapid sand filtration (RSF), and membrane bioreactor (MBR). Microplastics comprised an average value of 45.0% total microlitter (ML), with average concentrations decreasing after each wastewater treatment step. The decrease of microplastics from the primary to the final effluent was 90.2% for ASP, 93.8% for RSF, and 96.2% for MBR, indicating the importance of final-stage or tertiary technologies to remove this emerging pollutant, although never reaching a zero pollution discharge. The main plastic polymer found in all wastewater samples was low-density polyethylene (LDPE), followed by polypropylene (PP), high-density polyethylene (HDPE), and textile fibres made of nylon (NYL). Five shapes were detected, i.e. fragments, films, beads, fibres, and foam. Films decreased from primary to final effluent, conversely to fragments that increased during the sewage treatment.
INTRODUCTION
The global annual production of plastics was around 335 million tonnes for 2016, 4.03% higher than in 2015, and it can be attributed to: polypropylene (PP) 19.3%, low density polyethylene (LDPE) 17.5%, high density polyethylene (HDPE), polyvinyl chloride (PVC) 10%, polyurethane (PUR) 7.5%, polyethylene terephthalate (PET) 7.4%, and polystyrene (PS) 6.7% [1] .
Plastics are made of polymers, long and flexible chain molecules formed after reaction of smaller ones called monomers [2] , and whose properties are adjusted by means of additives. These additives, i.e. lubricants, fire retardants, emulsifiers, plasticizers, adhesives, and so on, may leach from plastic materials, with environmental effects not easy to assess [3] . Fragmentation of large plastic debris into smaller ones takes place in the environment, due to physical, biological and chemical mechanisms, with chemical and mechanical weathering the most important ones, originating the term "microplastics", used for plastics smaller than 5 mm [4] . This paper describes the efficiency of different advanced technologies used for wastewater treatment aiming towards a zero pollution discharge for microplastics. It is well known that wastewater treatment plants, together with the urban runoff process, can be one of the most important pathways of environmental pollution by microplastics [5] , not only through treated water, but also through the sludge [6] .
MATERIALS AND METHODS

Sample processing
A total of 103,205 L of water were processed for this study, carried out from February 2018 to July 2018. Samples were collected before and after the activated sludge process with extended aeration, rapid sand filtration, and membrane bioreactor, located in Cabo de Palos and Águilas, two cities belonging to the Region of Murcia (southeast of Spain). Table 1 displays the main characteristics of both WWTP. All samples were collected in glass containers, in order to avoid additional contamination, and kept refrigerated at 4°C on arrival to the laboratory. Microparticles were extracted from wastewater samples by means of a concentrated sodium chloride solution (NaCl; 120 gꞏl -1 ), as previously indicated by Bayo et al. [6] , resulting in a supernatant with floating particles, that were filtered through a Whatman filter paper (0.45 µm). After washing this filter with bi-distilled water and drying on an air-forced stove, microparticles were processed by microscopic and Fourier-transform infrared spectroscopy (FTIR) analyses. 
Contamination prevention
Because of plastic is used in a wide range of sectors and products, it was necessary to take a series of measures to prevent pollution, i.e.:
 Samples were collected in glass containers with metal lid.  Use of cotton gown and nitrile gloves in all extraction processes [7] .  Use of glass and/or metal laboratory utensils.  Cleaning of the laboratory material used, as well as Petri dishes used for transport and storage [8] , with isopropyl alcohol.
In spite of all the measures taken and since other sources of contamination are more difficult to avoid, a target was made to rule out the influence of contamination on our data [9] , [10] .
Microparticle analyses
Microscopic analyses were carried out with an Olympus SZ61 trinocular microscope (Olympus Co., Tokyo, Japan), providing a superior image quality with a 10° convergence angle at a working distance of 110 mm, magnification range from 6.7x to 45x and LED lighting. This trinocular microscope was coupled with an Olympus Altra 20 high resolution digital camera, with a maximum resolution of 1596 x 1196 pixels, 10 bits per color channel, 7.5 frames per second at full resolution, and 0.1 ms to 1 s exposure time. The infrared spectra were acquired with a Thermo Nicolet 5700 Fourier transformed infrared (FTIR) spectrometer (Thermo Nicolet Analytical Instruments, Madison, WI, USA), provided with a deuterated triglycine sulfate (DTGS) detector and KBr detector. The spectra collected were an average of 20 scans with a resolution of 16 cm −1 in the range of 4000-400 cm −1 . Spectra were controlled and evaluated by the OMNIC software package, by means of different reference spectra databases, where peak maxima were manually determined after examination of absorbance values.
RESULTS AND DISCUSSION
General results
A total of 167 microparticles were analysed in this study, all of them smaller than or equal to 5 mm in diameter. After examination through the stereomicroscope, each identified particle was subjected to infrared analysis. This technique was used as the fundamental objective of this paper was to deal with the role of wastewater treatment plants (WWTP) as sources of microplastics to the environment, thus avoiding false positives that, in our opinion, other authors have been able to include in their counts, by using visualization through an optical microscope as the only method for microplastic identification [11] . In addition, this technique makes it possible to differentiate such striking tonalities as those shown in Fig. 1 .
The use of the stereomicroscope allowed a more exhaustive classification according to the shape of microplastics, with the films being the most recurrent forms (67.0%), followed by fragments (20.0%), beads (8.0%), fibres (4.0%) and finally, foams (1.0%), as depicted in Fig. 2 . Films decreased from primary to final effluent, conversely to fragments that increased during the sewage treatment.
In relation to plastic polymers, the most usual one was low-density polyethylene (LDPE) with 1.6  1.0 MP l . Table 2 shows type of polymers included in each one of the four main families isolated.
HDPE, PP and NYL microplastics were completely removed in the WWTP with ASP technology. However, only 11% of microplastics made of LDPE were removed in the same WWTP. Single-use plastic carrier bags, of which free distribution has been recently banned in Spain, together with plastic film waste from agriculture greenhouses close to the treatment plant, could be the main sources responsible for these results, because of open-aired secondary clarifiers.
The same results could be observed for RSF technology, although LDPE microplastics were removed in a higher percentage than those removed by ASP, i.e. 84.9% compared to 11%.
MP polymers isolated in this study match with the most polymer types used by European plastic converters in 2016 [1] , mainly represented by PP (19.3%), LDPE (17.5%), and HDPE (12.3%). Fig. 3 shows the evolution of all MP identified in the activated sludge process with extended aeration (ASP), rapid sand filter (RSF), and membrane bioreactor (MBR) technologies. The average concentrations of particulate forms per litre of sampled wastewater were 2.23  0.10 and 0.22  0.09, for the primary and the final effluent, respectively. These outcomes proved a statistically significant and efficient removal of these micropollutants through the WWTP, accounting for a 90.2% (t-student = 20.097, p < 0.01). This is the most widely used treatment technology in our region, because of its low installation cost, low land requirement, and good quality effluent, among others. In our study, this simple technology gave the lowest percentage of MP removal, lower than that reported by Murphy et al. [7] in a secondary WWTP located in Glasgow (98.41%) but higher than that reported by Ziajahromi et al. [12] with an average of 1.54 and 0.28 MP l -1 in the primary and tertiary treated effluent, respectively. On the other hand, the low overall retention of MP in WWTP can be attributed to the MP remaining or passing from the sludge line, not being completely eliminated from the water line [6] . . These outcomes proved a statistically significant removal of these microparticles through the WWTP, accounting for a 93.8% (t-student = 51.476, p < 0.001). As reported by Talvitie et al. [13] , MP are caught among sand grains or adhered to their surface, and their removal could be possibly improved by the use of coagulants and flocculants. The removal percentage reported by these authors for a RSF was 97.1%.
Presence and evolution of microplastics in WWTP
The results for the MBR technology (Fig. 3) showed a statistically significant removal of 96.2% (t-student = 10.342, p < 0.01), with an average influent concentration of 2.60 ± 0.27 MP l . Surprisingly, membrane bioreactor technology treated the highest MP concentration in the influent, compared to other technologies, reaching also the highest removal percentage. Beside this, the vast majority of MP found after the MBR technology was fibres. Mintenig et al. [14] showed that after a tertiary post-filtration with 12 rolling filters completely removed MP > 500 µm, and synthetic fibres by a 93%.
In summary, municipal WWTPs represent a sink but also a source of MP to enter into the aquatic and soil environment. Wastewater treatment facilities are not designed to remove emerging pollutants like MP [15] , and the release of MP from personal care products and 4 CONCLUSIONS This paper deals with the role of WWTP as sources of microplastics to the environment, and the efficiency of different advanced technologies used for wastewater treatment aiming towards a zero pollution discharge. The monitoring study was carried out during February 2018 and July 2018, including three different wastewater treatments, i.e. activated sludge process with extended aeration (ASP), rapid sand filtration (RSF), and membrane bioreactor (MBR). Microplastics comprised an average value of 45.0% total microlitter, with average concentrations decreasing after each wastewater treatment step. It is well known these wastewater treatment plants, together with the urban runoff process, can be one of the most important pathways of environment pollution by microplastics, not only through treated water, but also through sludge. Our results indicated a significant decrease of all these microplastics through different processes. The decrease of microplastics from the primary to final effluent was 90.2% for ASP, 93.8% for RSF, and 96.2% for MBR, indicating the importance of final-stage or tertiary technologies to remove this emerging pollutant, although never reaching a zero pollution discharge. Low and high density polyethylene was the main plastic polymer type, being the most demanded plastic in the world together with polypropylene. Five different shapes were detected, i.e. fragments, films, beads, fibres, and foam. Films decreased from primary to final effluent, conversely to fragments that increased during the sewage treatment.
